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measurements
Abstract
Soil water infiltration exhibits spatial variability due to both intrinsic soil properties and management effects
(e.g. wheel traffic and tillage). The description or prediction of field scale water and solute movement,
therefore, requires that the spatial distribution of hydraulic properties be known. Practical measurement of
hydraulic properties of unsaturated soil requires both a rapid field technique to sample the necessary number
of sites and a straightforward analytical technique for interpreting data. We have designed precision
automated tension infiltrometers that enable rapid determination of soil water infiltration. Tension
infiltrometers were used to obtain unsaturated infiltration data for chisel-plow, no-till, wheel-trafficked, and
non-wheel trafficked management zones. This paper reports means and coefficients of variation for hydraulic
conductivities at multiple tensions derived from unconfined infiltration measurements. Mean hydraulic
conductivities decreased as tension increased. Trafficked sites had lower values of hydraulic conductivity than
non-trafficked sites. The tension infiltrometer is a useful tool for obtaining spatial measurements of field
infiltration and unsaturated hydraulic conductivities.
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FIELD ESTIMATES OF HYDRAULIC CONDUCTIVITY FROM 
UNCONFINED INFILTRATION MEASUREMENTS 
M. D. Ankeny•, R. Horton, and T. C. Kaspar1 
Soil water infiltration exhibits spatial variability due to both intrinsic soil properties 
and management effects (e.g. wheel traffic and tillage). The description or prediction 
of field scale water and solute movement, therefore, requires that the spatial distribu-
tion of hydraulic properties be known. Practical measurement of hydraulic properties 
of unsaturated soil requires both a rapid field technique to sample the necessary 
number of sites and a straightforward analytical technique for interpreting data. We 
have designed precision automated tension infiltrometers that enable rapid determi-
nation of soil water infiltration. Tension infiltrometers were used to obtain unsatu-
rated infiltration data for chisel-plow, no-till, wheel-trafficked, and non-wheel traf-
ficked management zones. This paper reports means and coefficients of variation for 
hydraulic conductivities at multiple tensions derived from unconfined infiltration 
measurements. Mean hydraulic conductivities decreased as tension increased. 
Trafficked sites had lower values of hydraulic conductivity than non-trafficked sites. 
The tension infiltrometer is a useful tool for obtaining spatial measurements of field 
infiltration and unsaturated hydraulic conductivities. 
1. INTRODUCTION 
Although knowledge of soil unsaturated hydraulic conductivities is important in many facets of 
soil science, adequate data to characterize field hydraulic conductivities are difficult to obtain. 
Saturated and near-saturated hydraulic properties are of particular interest and are difficult to 
predict independently of measurements. This interest recently led several groups to improved 
methods for measuring infiltration under tension (Elrick et al., 1988a; Ankeny et al., 1988; 
Perroux and White, 1988). The objective of this paper is to show the application of tension infil-
1National Soil Tilth Laboratory, USDA-Agricultural Research Service and Dept. of Agronomy, Iowa State Univ., 
Ames, Iowa, 50011 . Joint contribution from USDA-ARS and Iowa State Univ. Journal Paper No. J-13836 of the 
Agric. and Home Econ. Ext. St., Ames, IA. Projects No. 2659 and 2715. Received October, 1989. •corresponding 
author. 
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tration equipment, techniques, and analysis to the examination of field variability of hydraulic 
properties. 
2. MATERIALS AND METHODS 
A modified tension infiltrometer (Fig. 1) was designed to improve infiltration-rate measurement 
precision and tension control as well as to automate data collection and analysis (Ankeny et al., 
1988). Precision of infiltration-rate measurement is approximately tenfold better than manual 
measurement, and a single worker can operate several devices concurrently. A similar device (in 
essence, an automated single-ring infiltrometer) is used to measure saturated infiltration rates. 
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Figure 1: Schematic diagram of tension infiltrometer. 
Tillage and controlled traffic treatments were established on a Tama soil (a fine-silty , mixed, 
mesic typic Argiudoll) 60 km east of Ames, IA, USA. Com (Zea Mays L.) and soybeans 
(Glycine max L. Merr.) were grown in rotation for four years before infiltration measurements. 
Infiltration rates were measured on trafficked and non-trafficked interrows in chisel-plow and in 
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no-till treatments. No-till plots received no primary tillage, but were cultivated once a year. 
Chisel plow plots were fall chiseled, disked shortly before planting, and cultivated once a year. 
Unconfined infiltration-rate measurements were made at four surface water conditions, starting 
with ponded infiltration and proceeding to flow rate measurements at 30, 60, and 150 mm of 
water tension (negative pressure). A sharpened 7.62 cm diameter ring was pressed about 1 cm 
into the soil to limit the infiltration area. After several minutes of infiltration at each tension, data 
were recorded for 1000 seconds at the steady-state unconfined infiltration rates. Eight sites were 
measured for each tillage-traffic combination. 
3. THEORY 
We use the following method based on Wooding's work (1968) to calculate hydraulic conduc-
tivities from unconfined infiltration data. Wooding proposed the following algebraic approxima-
tion of steady-state unconfined saturated infiltration rates into soil from a circular source of ra-
dius r 
Q = 1tr2 K + 4rcp (1) 
where Q is the water flux, K is the saturated hydraulic conductivity and <Pm is a matric flux po-
tential where 
(2) 
Rewriting equation 2 for a general infiltrating boundary condition, 'If, where 'l'l is the initial wa-
ter potential of the unwetted soil yields 
(3) 
Measuring steady infiltrating fluxes Q('1'1) and Q('1'2) at two water potentials yields two equa-
tions and four unknowns 
Q(\JI) = 1tr2K('1'1) + 4r <I> ('1'1) 
Q('1'2) = 1tr2K('1'2) + 4r <I> ('1'2) 
(4) 
(5) 
A third equation is obtained by assuming a constant Kl<!> ratio. Fig. 2 (after Elrick et al., 1988b) 
shows the basis for a numerical approximation that yields the fourth equation. The difference be-
tween<!>('!' 1) and cp(\jf 2) is approximately <1>('¥ 1)-<1>('¥2) = ~'l'[K('I' 1)+K('¥2))/2. 
We can now calculate hydraulic conductivity from any pair of unconfined infiltration rates taken 
at different tensions. 
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We estimated the hydraulic conductivity K(ljf) at tension 'If calculated from the ('lft, '1'2) rate pair 
(shown as subscripts) as 
Ksat = K(O) = K(0)0.30 
K(30) = r[K(30)0.30 + K(30)30.60) 
K(60) =}[K(60)30.60 + K(60)60.1soJ 
K(150) = K(150\0.150 
area-<I> 
x 
area- <I> y 
'Vy 
Soil water pressure head, 'V 
0 
Figure 2: A generalized soil water pressure head-hydraulic conductivity relationship 
4. RESULTS 
(6) 
Fig. 3 shows the effect of tillage and wheel traffic on infiltration rates at different nominal pore 
diameters (diameter is inversely proportional to tension). As sequentially smaller macropores 
emptied, the infiltration rate decreased for all treatments. As expected, traffic reduced infiltration 
rates in both tillages at all tensions. In addition, traffic changed the slope of the lines in Fig. 3. 
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Traffic significantly decreased infiltration at all tensions and trafficked no-till interrows were 
significantly higher infiltration rates than trafficked chisel-plow interrows. A decrease in inter-
cept with constant slope would show proportional reduction in pore size classes. A decrease in 
slope shows flow in larger pores is more affected by compaction than flow in smaller pores. Our 
interpretation is that traffic compaction destroys more large than small macropores. 
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Figure 3 : Plot of the log of the unconfined infiltration rate versus largest nominal 
water-filled pore diameter. 
Table I. shows field variability found when unconfined hydraulic conductivity is examined by 
individual tensions for each treatment. Coefficients of variation ranged from 17% to 103% with 
a value around 50% being typical. The tension infiltrometers have operated and functioned well 
on a wide range of soil types (loess and glacial-till parent materials) and tillage management 
systems (no-till and chisel-plowed). Errors in estimating the steady-state infiltration rates were 
typically 1-5%. Thus we expect tension infiltration measurements to allow improved modeling 
efforts because saturated and unsaturated data can be obtained at each sample site and data can 
be recorded rapidly. 
SUMMARY 
Field scale predictions of water and solute movement generally require information describing 
distributions of soil hydraulic properties. Improved equipment, field techniques, and analysis 
now make it feasible to make accurate measurements of the distribution of unconfined infiltra-
tion and/or hydraulic conductivity. The improved description of individual sites (multiple mea-
surements per site), as well as the feasibility of measuring many sites, makes these tools useful 
in obtaining needed information about field hydraulic conductivity and its variability. 
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Table I. Summary of means and coefficients of variation for estimated hydraulic conductivity of 
a Tama silty clay loam. 
Treatment Tension Hydraulic CV 
Conductivity 
(mmH10) rn/s % 
non-trafficked no-till 0 128.9 53 
30 23.0 50 
60 9.1 43 
150 2.5 35 
Trafficked no-till 0 11.6 61 
30 2.7 38 
60 1.0 50 
150 0.3 68 
Non-trafficked chisel 0 169.0 50 
30 23.2 31 
60 9.0 17 
150 2.9 20 
Trafficked chisel 0 3.7 103 
30 1.7 53 
60 0.6 36 
150 0.2 68 
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